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本文在介绍 MIMO 天线的研究背景和意义，以及综述近年来国内外 MIMO 天
线发展现状的基础上，对MIMO天线的相关理论和性能指标进行了归纳。重点讨论
现有的几种提高 MIMO 天线单元隔离度的方法，为 MIMO 天线的设计奠定理论基
础，并以MIMO天线的设计作为本文的研究目标。 
论文以可用于 IEEE 802.11n通信标准的MIMO 天线为设计实例，提出了几种天
线结构，并给出了对应天线的设计思路，分析特定结构参数对天线性能的影响，通
过测试和仿真的对比来验证设计天线的可靠性。 
采用共面波导馈电和槽线馈电相结合的方式，设计了一款工作于 WLAN 的 2.4 
GHz高隔离度 MIMO微带天线。实验结果显示，工作频段内，所设计天线的端口隔




























TD-LTE 的 E频段内达到良好的工作性能。 
最后，对本文提出的设计进行总结，并提出进一步的研究设想。 

















The rapid development of wireless communication technologies has brought a 
growing shortage of spectrum resources. Improving the transmission rate and the 
communication quality in this restricted condition then become the research focus of 
communication technologies. MIMO (Multiple-Input Multiple-Output) technology, 
which is considered to be the revolutionary technology of the next generation wireless 
communication systems, can significantly improve the channel capacity and spectral 
efficiency without additional transmission power and signal bandwidth. Currently, one of 
the biggest obstacles restricting the MIMO implementation is the MIMO antenna 
technology problem. 
In this thesis, the application background and the recent studying status of MIMO 
antennas are introduced firstly. The fundamental theory and performance index of MIMO 
antennas then are summarized. Focusing on the isolation improvement between the 
MIMO antenna elements, we generalize some design guides of MIMO antennas and take 
the MIMO antenna design as this thesis research target.  
Thus, several MIMO antenna structures are proposed to meet the requirement of 
IEEE 802.11n communication standards in this thesis. The design process having been 
introduced, the specific structural parameters influences on the antenna performance are 
analyzed in detail. The simulation results are compared with the measurement ones to 
verify the reliability of these design technologies.  
Firstly, a compact dual-port and dual-polarization MIMO antenna is proposed for 
2.4-GHz wireless local area network (WLAN) systems. The radiation elements include a 
monopole, which radiates linearly polarized waves, and a patch ring, which provides the 
orthogonal linear polarization. It is fed via a coplanar waveguide port and a slot line port, 
respectively. According to the measurement results, the isolation between two ports over 
the operating frequencies is better than 35 dB and the cross polarization discrimination 
















merit of low volume. 
Secondly, a dual-port patch antenna of dual-polarized directional radiation is 
presented. The patch element is a square of two open slots. The designed antenna can 
radiate the microstrip antenna mode, which is excited by coaxial line, and the folded 
dipole mode excited by a coplanar stripe. The experimental results show that over the 
operating frequencies the isolation between two ports is better than 23 dB. Meanwhile the 
polarization isolation levels are larger than 30 dB at the main radiating direction for all 
the two ports. This proposed antenna is suited for the WLAN wall-mounted base-station 
systems. 
Then, a unidirectional, dual-polarized MIMO antenna is proposed for indoor 2.4-GHz 
WLAN. This antenna consists of a cavity-backed annular slot and two inverted microstrip 
feed lines which are mutually orthogonal. The experimental results show that this antenna 
has more than 32 dB port isolation, and the cross-polarized levels are less 30 dB than the 
co-polarization over the working band. The compact size and excellent performances 
indicate this designed antenna can be easily applied in indoor MIMO WLAN base station. 
On this basis, a tri-polarization MIMO antenna is presented, since that the fading of 
orthogonal signal are irrelevant. This antenna has good performances in the TD-LTE 
band. 
Finally, we summarize the design key points in this thesis and propose the further 
research object. 
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1.2 MIMO 技术的研究背景及意义 
移动通信已经发展到 4G 时代，并开始 5G 标准的制定，稀缺的频谱资源逐渐
成为通信技术的发展瓶颈[7]，这也直接推动了MIMO技术的研究。 
MIMO（Multiple Input Multiple Output, 多输入多输出）技术在发射端和接收端
使用多个天线，可以在不增加发射功率和带宽的前提下，通过多路收发利用信道衰























MIMO 技术由马可尼于在 1908 年首次提出，上世纪九十年代，Foschini 和
Telatar等人从理论上证明了在收发端都采用多副天线，可以突破香农公式的限制[10]，
成倍的提高通信容量[11-12]。 
在飞速发展的信息时代，MIMO技术是 LTE（Long Term Evolution，长期演进）
和 4G系统的核心技术之一，有着广泛的应用前景[13-15]。 
如表 1-1所示，3GPP给出了在平坦衰落的条件下，基于 2 GHz-4 GHz频段，
载波间距为 5 MHz 时，下行链路中使用 MIMO 系统得到的峰值数据速率。可以看
到，MIMO系统在峰值数据速率上有很大的优势，并且随着天线数量的增加而增大。 
表 1-1 不同MIMO系统结构实现的峰值数据速率 
（M，N） Tx 技术 码速 调制方式 速率/子数据流 子数据流 数据速率 
（1,1） 传统 3/4 64QAM 540 Kbps 20 10.8 Mbps 
（2,2） MIMO 3/4 16QAM 360 Kbps 40 14.04 Mbps 
（2,2） MIMO 3/4 QPSK 180 Kbps 80 14.04 Mbps 










一些解决思路，并在此基础之上设计了几款适用于 WLAN的小型化 MIMO天线。 



















1998年，J. F. Zurcher 等人设计了一款双端口双频低耦合印刷天线[21]，如图 1-2
所示，该天线具有良好的耦合和辐射特性，可用于 WLAN通信系统中。 
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